In this article, we frame issues around food security and the Ebola epidemic in West Africa and discuss the potential contribution of interrelated factors like seafood access, bush meat consumption, and public health concerns with the recent outbreak. Since seafood is a major dietary constituent in the affected countries, we posit that seafood unavailability due to unsustainable fishing practices and global change may increase the demand for bush meat and the risk of exposure to zoonosis such as Ebola through hunting and wildlife interactions. We discuss the potential contribution of these contextual drivers to public health within the wider milieu of changing climate, habitat disruptions, human migration and its implication for adaptive capacity, resilience and environmental governance. We conclude with policy options and research directives in addressing regional food security challenges, maritime policy, and emerging global health concerns.
). With changing climate and macroeconomic policies that favor exports over local consumption (Kaczynski and Fluharty 2002; Alder and Sumaila 2004; Lam et al. 2012) , there has being an increase in bush meat hunting since the mid-1970s to the 1990s as shown in Figure 1 (Ntiamoa-Baidu 1997; Brashares et al. 2004; 2011) . This trend has continued as the bush meat trade, estimated in billions of dollars, is a major dietary contributor in West Africa and a lucrative livelihood activity in many parts of the world (Bennett et al. 2007; Golden et al. 2011) . The term bush meat (or wild game) is used in contrasts to local animal husbandry or livestocks. Thus in many coastal countries in West Africa, decreasing fish stocks indicate increasing demand for bush meat as an alternative source of animal protein and thus increased potential exposure to zoonosis like Ebola that are found in tropical rain forest ecosystems. Indeed, if fruit bats are potential reservoirs of Ebola and other mammalian species are end hosts (Leroy et al. 2005; Groseth et al. 2007; Barrette et al. 2009 ), then monitoring bush meat trade and wildlife interactions could potentially reduce the risk of contagion. Conversely, sustainable fishing practices that pay attention to local food security needs will reduce the risk of contact to zoonosis (i.e. hotspots for infectious disease) such as Ebola virus.
The current epidemic is the worst in human history, about 12, 386 laboratory confirmed cases and about 7,573 deaths as of December 24 th 2014 i . This is expected to increase in the absence of better intervention strategies (WHO Ebola Response Team 2014) . The reaction to this epidemic has been a situation of too little too late, with some medical resources and international commitment only beginning to ensue after the epidemic got out of control (Farrar and Piot 2014) . This has resulted in a huge repercussion on all fabrics of social life: from lock downs to closures of public services such as schools and banks, to broader human development implications including food price surges, regional trade, and the global economy. Figure 1 The relationship between per capita fish supply and bush meat consumption (Source: Brashares et al. 2004) .
Although the international risk of contagion is low in the short term, there are ramifications if there are outbreaks in countries with direct flight connections to West Africa and Europe (Gomes et al. 2014) . Hence countries that could potentially be affected are instituting travel restrictions and developing national public health action plans to deal with possible cases. In a concerted effort, humanitarian agencies and ministries of health in the affected countries are soliciting relief and medical supplies to halt the spread of the disease. Are these measures enough to curtail the current epidemic? So far, they don't seem to be working with the cases of Ebola escalating in the region and incidences in other non-neighboring countries. To understand how the current epidemic arose, we need to appreciate the multiple precipitating drivers and recognise that the epidemic is a symptom of much bigger problems stemming from sustainable development needs.
In this article, we first provide an overview of the disease, and its linkages with food security and wildlife management. Next, we argue for a holistic approach in curtailing the spread and preventing future epidemics recognizing the multiple pathways and inter-related factors starting with food and nutritional well-being, wildlife management, climate related changes, and crisis management. Finally, we delve into various governing options and conclude with areas for further research recognizing that protein dietary needs and environmental health are two of several determinants of human well-being.
Genesis of the current epidemic in West Africa
The Ebola virus can be traced to the Congo as far back as the mid-1970s when it first occurred in a river basin by the same name (WHO 1978; Groseth et al. 2007; Barrette et al. 2009 ). Prior to this epidemic in West Africa, previous outbreaks have been reported in countries such as the Congo, Gabon, Russia, Uganda, Italy, US, and the Philippines ii . Various species of fruit bat present in sub-Saharan Africa are thought to be reservoirs (Leroy et al. 2005) , with apes and swine thought to be end hosts (Barrette et al. 2009; Groseth et al. 2007 There are a number of factors responsible for this epidemic and its rate of progression. First, these countries have not dealt with Ebola before and this led to a lot of initial confusion about the nature of the virus and its transmission. Without the benefit of accurate and prompt diagnosis, it was difficult to differentiate Ebola from other more common locally endemic conditions like malaria and Lassa fever. Second, the international community was slow in recognizing that the epidemic was "a public health emergency of international concern" and to respond and augment adequate resources in the affected countries (WHO Ebola Response Team 2014) . Third, the lack of proven curative treatment, with only experimental therapy and untested vaccines that are controversial thwarts immediate intervention. Furthermore, past incidences of side effects and deaths from trial drugs in the sub-region have led to public mistrust and legal claims (Jegede 2007; Lenzer 2011 ). Fourth, due to the geography of the region, with many populous towns in the Mano River basin bordering Guinea, Liberia and Sierra Leone, cross-border travel increases the risk of contagion from rural to urban areas in the shortest possible time. Finally, this epidemic is a symptom of a much bigger problem: fragile states including Sierra Leone and Liberia with ailing healthcare systems and inadequate health infrastructure. For instance, the doctor to patio ratio in 2010 measured as a density of physicians per 1,000 people is relatively lower in Sierra Leone (0.022) compared to Nigeria (0.408), a non-fragile state iii .
Could we have predicted such epidemics before they occur? We posit that yes, the warning signs were evident. Escalating food prices and declining trend in local food production and low household incomes point to a vulnerable situation (Jalloh et al. 2013) . Knowing that Ebola is not the only VHF in the affected region sends heightened signals for public health preparation and action plans (Schoepp et al. 2014) . Just two years ago, there was a large epidemic of Cholera in the same region with cross-border spread hinting at the fragile nature of the public healthcare systems. A successful approach to such epidemics should include a synergistic approach between nutritional well-being, public health and environmental governance. Thus, the need to understand the complex and interlinked relationships between seafood and wildlife interactions prompts us to explore response strategies that go beyond sectoral health policies.
Interplay between seafood security, wildlife management and public health
The prevalence of hunger and malnutrition in Sub Saharan Africa has been ranked as "serious" and "alarming", and has implications for infant mortality rate and life expectancy (wheeler and von Braun 2013) . Although population increase is often seen as a concern for food security (Jalloh et al. 2013) , climate change is increasing becoming another threat to reckoned with. Changing climate in the past few decades have consequences on both terrestrial and seafood production systems (Lam et al. 2012; Katikiro and Macusi 2012; Jalloh et al. 2013) . Climate variability has consequences for seafood availability and large marine ecosystem dynamics bordering the affected countries (HardmanMountford and McGlade 2003; Lam et al. 2012) . It has been demonstrated that food consumption patterns change with the availability and access of seafood for other protein substitutes such as bush meat. For instance, seafood unavailability has been linked to an increase in wildlife hunters as well as bush meat supply in local markets (Brashares et al. 2004) . Recognizing that there is a stronger interactivity between the two protein-based food systems, this has implications for public health through potential contagion with wildlife (Bennett 2002; Rao and McGowan 2002; WHO 2003) .
Similarly, climate change has potential impacts on the life cycle of pathogens that affects food production systems and human well-being (Daszak et al. 2000; McMichael et al. 2006; Groseth et al. 2007) . Climate-related migrations of pathogens through reservoir hosts and vectors due to habitat disruptions, urbanization, and human migrations are emerging public health concerns (Hale et al. 2000; McMichael et al. 2003) . In Western Africa where wildlife populations are historically and increasingly being part of local food systems and economic opportunities (Ntiamoa-Baidu 1997; Brashares et al. 2004) , incidence of zoonosis creates high vulnerability to household food security and public health (Kawarazuka 2010; Wheeler and von Braun 2013; Schoepp et al. 2014) .
What is discouraging is that most research on the impact of global change on local food systems and infectious diseases look at single causal factors without addressing the multiple pathways, complex interactions, and contextual relationships (Patz et al. 2000; Xun et al. 2010) . Despite the body of evidence towards climate variability and pest and diseases and food systems (McMichael et al. 2006) , predicting the many causal pathways and trends is challenging due to issues around attributing and contributing factors. Unravelling these multiple factors and their interactions with livelihoods, institutional structures, and decision-making processes could contribute to a better understanding of early warnings, response strategies, and post-crisis management (Dudley 2004; Altizer et al. 2013) . Reactive strategies targeted at preventing such epidemics are likely to be inadequate without elucidating on these complex nature-society interactions (Figure 2 ).
Knowing that food security has been a long term issue in the sub-region, the question becomes how can policy makers improve the adaptive capacity to recover and cope in the short-term as well as being resilient to shocks in the long-term? A healthy community in times of crisis requires an adaptation strategy from being 'vulnerable' to 'resilient' and from 'dis-ease' to 'ease' (Almedom and Tumwine 2008) . It has been suggested that a combination of tools and approaches that draw on food studies, epidemiology, and environment governance is necessary in dealing with multiple entry points and feedbacks (Fraser et al. 2003; McMichael et al. 2006, Armitage and Plummer 2010) . Whilst some researchers have argued for a socio-ecological and resilience approach to pandemics (Cumming 2010) , others have underscored nutritional well-being and food Figure 2 Conceptual linkages in human-nature interactions across marine and terrestrial systems for food security and the implication for Ebola and global public health. secured households (Kawarazuka 2010; Coulthard 2012) . In other words, "building resilience requires changes in behaviours and norms, transmitted through social [and policy] networks" that fosters local food security (Frankenberger and Constas 2014: 744) . Given this, making synergies through policy networks especially between environmental health and governance is imperative for social resilience that strengthens well-being (Fraser et al. 2003; Armitage et al. 2011; Broch 2013) . Xun et al. (2010) argues that scale presents a bigger challenge in the context of vulnerability assessment (spatial and temporal), as well as bio-complexity in terms of disease ecology and the dynamics in attaining sustainable development. These social interactions across scales and amongst multiple actors are better framed under the rubric of governance. Governance deals with both state and non-state institutions, rules of decision-making, in addition to scale matching (Armitage and Plummer 2010) . It is a mechanism to address food security under uncertainties as well as ecosystem shifts. This is in recognition of the multiple drivers, pathways, and feedback loops necessary for adequately addressing the issues around food production and global change (Folke et al. 2005; Miller et al. 2010) . This deserves more focus to which we now turn.
Synergies between local food systems and environmental health
Arguably, vulnerable populations that are food insecure and with an inadequate health care infrastructure signal potential crisis in the event of an epidemic such as EVD. Because EVD is a multi-faceted issue with several entry points, governance mechanisms are necessary for making linkages and synergies across sectors, jurisdictional scales, and interest groups. "Because much of the world's seafood comes from regions with weak governance, improved governance is essential to sustain or increase seafood's contribution to food security" (Smith et al. 2010: 785) . Adapting to food or climate related disasters also have an institutional dimension in terms of decision support tools that are intricately connected to multi-level governance arrangements (Kooiman et al. 2005, Armitage and Plummer 2010) . These arrangements provide opportunity for linking risk reduction measures in public health with capacity building efforts in promoting well-being (Hess et al. 2012) .
There is a lot to learn from the history on governance in food related crisis and public health emergencies. In times of disasters, some scholars have argued that windows of opportunities for social change and transformation do emerge for institutional resilience (Scheffer et al. 2002; Folke et al. 2005; Birkmann et al. 2008) . Extreme events have presented opportunities to adapt and cope through strengthening local institutions and training to help manage emerging risks. Previous efforts at curtailing the EVD in Uganda involved rigorous health protocols for isolation, surveillance, health care treatment, supported by local authorities with financial assistance by donor agencies (Borchert et al. 2011) . The key lesson is to augment local capacity and resources and strengthen institutional infrastructure. In the case of addressing BSE outbreak in Canada, another zoonotic disease, various adaptation strategies were initiated, including post-crisis coping strategies, food production initiatives, and enhanced engagement with stakeholders (Anderson and McLachlan 2012) .
Building local community resilience that focuses on response and recovery as well as national action plans that promote prevention and preparation is necessary (Keim 2008 ). Exemplifying uncertainties due to climate change, inadequate knowledge, and other institutional constraints do provide the basis for adaptive management (Walters 1986; Nichols et al. 2011) . Drawing on diverse disciplinary perspectives, curtailing the epidemic could entail both anticipatory risk reduction measures as well as crisis management through synergistic efforts in addressing food security and environmental health. Moreover, crisis management activities can be made complementary to the adaptive management cycle especially in planning, implementing, monitoring and evaluating action plans in resource management (Figure 3) . The governing processes in these interventions could strengthen the science-policy divide; build partnerships, and engage stakeholders in collective action on food security and environmental health (Anderson and McLachlan 2012) .
Several models for controlling disease and attaining nutritional well-being have been proposed in the African context (Kock et al. 2002) . These include: i) a communitybased production system that is local and affordable and focuses on the principle of sufficiency, ii) partnership arrangements between governments and private sector organizations by sharing of benefits and cost and promoting health standards and sanitary research, and iii) a top-down and centralised government agency that promotes and fosters public health policy and the monitoring and surveillance of pathogens.
Other creative governance and flexible decision-making arrangements could be cost-effective for dealing with human well-being through benefit sharing schemes. The Novartis Coartem Anti-malarial Treatment program is an example on a cost recovery drug program spearheaded by industry in partnership with governments, multilaterals, and local partners. This was possible under the Convention on Biological Diversity and Nagoya Protocols on Access and Benefit Sharing arrangements (TEEB 2009). Also, coordination efforts through regional nodes and risk mapping can be supportive in curtailing the epidemic (Cumming 2010; Semenza et al. 2012) . Furthermore, a robust regional monitoring scheme is needed. One that entails international travel checks from affected areas due to high mobility of coastal fishers, cross-border land travels, and global airline networks (Tatem 2009; Binet et al. 2012; Gomes et al. 2014 ). This could build upon the legacy of the World Health Organization (WHO) for travel protocols such as the Yellow Card and the International Maritime Organization (IMO) on safety and health guidelines iv . We suggest rather than putting emphases on reactive measures such as lock-downs and drug trials as short-term strategies alone, long-term multi-prong approaches that include food security considerations, risk mapping, and environmental monitoring is necessary (Dudley 2004; Frankenberger and Constas 2014) . Improving bottom-up initiatives for community health and resilience (Berkes and Ross 2013; Hess et al. 2012) and taking into account broader regional governance and policy directives are crucial (Khan and Mikkola 2002) .
Communicating scientific insights in a region with low literacy in European languages is a task that could benefit from inter-cultural and social learning. Besides, the diversity in beliefs, plethora of world views, and quaint cultural practices make effective communication even more of a priority (Fanon 1961; Rajnarayan 2002; Jegede 2007) . Fortunately, this presents an opportunity to bridge science and policy through public engagement and social learning platforms amongst health care professionals, resource managers, policy makers and local community leaders (Kock et al. 2002; Dudley 2004; Hess et al. 2012; Dietz 2013) .
Social and professional networks are also useful for knowledge mobilization and as bridging organizations for community resilience (Galaz 2009 ). This could take the form of institutional partnership and information sharing for public health decision making (Dudley 2004) , remittances for hospital supplies or humanitarian relief, and through public sensitization campaigns (Hess et al. 2012) . Volunteer work through the likes of Doctors without Borders (MSF) and Doctors in the Diaspora could augment local support on the ground. These collective support systems garnered through various networks could be crucial at the local level where resources are limited.
Because the vulnerability of the food systems in the sub-region will affect public health policies and environmental governance, we strongly posit that multiple pathways and entry points present opportunities for various stakeholders to self-organize in addressing the issues either by reducing vulnerability or building resilience.
Way forward
Coastal fisheries and seafood contributes tremendously to the nutritional well-being of the affected Ebola countries in West Africa. In the immediate absence of vaccines and not knowing whether bush meat and livestocks are tainted (Groseth et al. 2007) , seafood is currently providing the necessary caloric intake, essential fatty acids, and micro-nutrients for bolstering the immune systems for those affected to be resilient (Khan and Sei 2015) . Similarly for the healthy, seafood is the main nutritional protein available to be resistant to the disease. The current epidemic is a symptom of complex interplay of social, economic, political, and environmental factors that impact seafood security and changing dietary patterns with consequences on well-being and environmental health. This situation is exacerbated by high poverty levels and regional migration across borders both on land and at sea (Neiland and Bene 2004; Binet et al. 2012; Gomes et al. 2014) . As shown in Figure 2 , there are many entry points and pathways in addressing the Ebola issue, including food security and well-being. Understanding how food policies especially sustainable seafood production in meeting local dietary needs benefit public health is central in identifying multiple policy windows for crisis management and future prevention of zoonosis (WHO 2003; Brashares et al. 2004; Guernier et al. 2004; Barrette et al. 2009 ).
In the long-term, creating early warning networks, monitoring environmental health, and strengthening local and national food security institutions in promoting adaptive capacity is critical. Attaining collective action through cross-border collaboration, institutional partnerships, and creative governing arrangements at the regional and international level is also important. Knowing the importance of seafood to nutritional well-being and long-term food security in the region, integrating health research with environmental management and regional economic development is also imperative as emerging pathogens are often linked to local and global drivers (Dudley 2004; Daszak et al. 2000; Barrette et al. 2009 ). With the International Maritime Organization policy on EVD, vessels exporting seafood from the sub-region are sometimes quarantined for 21 days, thus affecting product quality, fish prices, and regional trade. Equally important is creating institutional synergy and cross-sectoral policies between maritime seafood production and terrestrial wildlife management for avoiding potential environmental risks (Leroy et al. 2005; Richter and Cumming 2006; Galaz 2009 ).
Dietary seafood intake and environmental health are two of many determinants of well-being and community resilience (Kawarazuka 2010) . Recognizing that Ebola is a public health emergency of global proportion, regional working groups and task force on food security and ecosystems spearheaded by UN agencies could provide policy inputs on short and long-term proactive measures. There are many lessons to share with other regions on food security and wildlife interactions, not only for avoiding pandemics, but for innovative institutional mechanisms for addressing future crisis. We may have missed the early warning signs of a catastrophe by ignoring the contribution of food and well-being to public and environmental health, but there is no reason why we cannot curtail this epidemic and prevent future occurrences. 
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